Abstract: The time of onset and magnitude of cold-induced vasodilatation (CIVD) in six older men (62-70 years) were compared with those of seven younger men (20-29 years) by using a modified local cold tolerance test. This test consisted of a 10-min immersion of the left middle finger in cold water at 10°C, and was substituted for a conventional test (30-min immersion in ice water at 0°C). Vasodilatation occurred significantly later in the older group, and the magnitude of their response was significantly lower during the immersion. No vasodilatation occurred in two of the older men. As the finger skin temperature before the test was not significantly different between the two age groups, the difference of CIVD response in the two age groups was thought to reflect the agerelated changes of peripheral vascular reactivity to a local cold stimulus. Considering the fact that no subjects complained a great deal of cold pain during the immersion, our modified local cold tolerance test seems to be a useful method for detecting the age-related degradation of local cold tolerance and peripheral vascular reactivity in older workers.
Cold-induced vasodilatation (CIVD), which occurs in fingers and toes exposed to extreme cold, is a defensive reaction of protecting the extremities against frostbite'. Yoshimura and Iida2~ developed a practical method, based on CIVD reactivity, of evaluating peripheral resistance against frostbite (local cold tolerance). Thereafter, many studies using this test method to clarify the factors affecting local cold tolerance, such as occupation3' 4), gender5', race6~, environmental temperature5~, clothing51, ambient pressure'1 and cold acclimatization8 ' 9) have been conducted. Recent clinical studies10-'2' have suggested that this local cold tolerance test is also useful for evaluating the sympathetic skin vasomotor function and a peripheral sensory nerve disturbance. These tests have, however, consisted of a 30-min immersion of fingers in ice water (0°C). Under these test conditions, most of the participants have tended to feel much pain and distress, and some have either fainted or had to withdraw prematurely from the experiment as a results'. This means that vulnerable individuals, such as older persons or children, cannot participate in this stressful test. Thus, very few studies6' 13) have so far been conducted regarding the effect of age on local cold tolerance.
For example, Yoshimura61 reported the weak local cold tolerance of two subjects aged 60 to 79 years. Spurr13~ observed no CIVD responses in nine tests of older males aged 67 to 83 years. These two previous reports, however, provided no additional details regarding CIVD response in the elderly, so the age-related characteristics of CIVD reactivity and local cold tolerance still remain to be elucidated. We previously proposed a simplified and less painful test for evaluating local cold tolerance14.15), as a substitute for the conventional test. In the present study, we used the modified method to examine how age-related change of CIVD responses in older persons could be characterized and whether the test condition is acceptable for older people.
Subjects were healthy male volunteers of two age groups, one consisting of six older men aged 62 to 70 years and the other of seven younger men aged 22 to 29 years. They had been well informed of the protocol and had given their informed consent before the experiment. The mean values and standard deviations (sd) of age and physical characteristics in the two age groups are shown in Table 1 . The experiment was carried out in the afternoon (15:00-17:00) of days between the beginning of March and the beginning of April.
After a resting period of more than 30 min in thermally comfortable conditions, the experiment began. Each subject, wearing only short pants, sat on a chair in a room at 30°C ambient temperature (Ta) and 40% relative humidity (rh) during the experiment. Following a 10-min recording of control values before cold water immersion, the left middle finger of each subject was immersed up to its base for 10 min in a cold water bath maintained at 10°C according to the previously described method15'. The skin temperature of the immersed finger was measured every 10 seconds using a thermistor probe attached to the back of the middle phalanx of the finger. The subjects also reported the thermal and pain sensations in the immersed finger every 10 seconds, using an 11-point scale (0: hot, 1: warm, 2: slightly warm, 3: none, 4: slightly cold, 5: cold, 6: very cold, 7: slightly painful, 8: painful, 9: very painful, 10: extremely painful). Of all the subjects tested, none appeared to be greatly distressed by the experimental procedure, nor did anyone faint. During finger immersion, they experienced cold sensations at first, followed by slightly painful or painful sensations (the mean ± sd of the sensation scores in the older and younger groups was 7.5 ± 0.9 and 8.1 ± 1.3, respectively). But this degree of cold pain gave them no excessive distress, enabling them to complete the experiment without much difficulty. Figure 1 presents the typical CIVD responses during the cold water immersion, those for one older man (70 years old) and one younger man (25 years old). These skin temperature curves clearly show that the time of onset of vasodilatation was less and the magnitude of the CIVD response was higher in the younger man than in the older man. Such distinct vasodilatation occurred more or less in all of the younger men, whereas no vasodilatation at all occurred in two of the older men.
Next, the characteristics of CIVD response were statistically analyzed, and comparisons were made between the two age groups of 5 components of the temperature response curve as illustrated in Figure l : the time (= TTR) and the temperature (= TFR) at which the temperature curve first begins to rise following the immersion; the difference (= AT) between the maximum finger skin tempera- ture and TFR during the immersion; mean finger skin temperature during the last 5 minutes of immersion (= MST); and the difference between MST and TFR (_ MST -TFR). As CIVD reactivity is reported to be affected by the finger skin temperature before the cold water immersion (BST)16, BST was also compared ( Table 1) . As for the two older men in whom vasodilatation did not occur, the final values recorded 10 min. following immersion were used in the analysis of TTR, TFR and AT. Student's t-test was used to analyze differences of the measured variables between the two age groups.
As shown in Table 1 , TFRs and MSTs of the older group were not significantly different from those of the younger group. However, the mean time of onset of vasodilatation (TTR) was significantly later in the older group than in the younger group. Maximum temperature rise (AT) subsequent to the initial vasodilatation in the older men was also significantly lower than that of the younger men. Similarly, MST -TFR was significantly lower in the older group. However, BSTs for the older group were not significantly different from that for the younger group.
Tanaka5~ reported that laboratory room temperature and clothing condition strongly affect CIVD reactivity. Our previous studies14' 15) also confirmed the room temperature-dependent characteristics of CIVD response. Furthermore, Nakamura161 showed a close correlation between the finger temperature before the immersion (BST) and the three characteristics (MST, TFR and TTR) of CIVD response. To eliminate these effects, the present experiment was conducted for all the subjects under the same room temperature (Ta = 30°C and rh = 40%) and clothing (only short pants) conditions. Consequently, there was no significadt difference in BST between the two age groups (Table 1) . Furthermore, there were no clear differences in the basic physical characteristics (Table 1 ) and the daily cold exposure of extremities experiences between the two age groups. Nevertheless, there were significant differences in the time of onset (TTR) and magnitude (AT and MST -TFR) of CIVD response between the two age groups (Table 1) . Therefore, these differences seem to stem from age-related changes of finger skin vessels independent of the experimental conditions and other confound factors. The main mechanism of CIVD is thought to be a vasodilating reflex of arterio-venous anastomosis (AVA)" 2', so the poor CIVD reactivity of older men may be caused by the morphological and/or functional degradation of AVA with advancing age.
In contrast to TTR, AT and MST -TFR, there was no marked differences in TFR and MST. TFR was found even to be higher in some of the older men, as shown in Figure 1 . This higher TFR concomitant with the lower AT in the older group could explain why there was no significant difference in MST, unlike AT and MST -AT (Table 1 ). The exact reason for the higher TFR in the older group is unclear, but an age-related decrease in cold-induced vasoconstriction as generally reported in the elderly'7 and the middle-aged'81 may underlie this finding. The fact that the higher TFR of the older men tends to be concomitant with the slower fall in finger temperature before the later onset of vasodilatation ( Fig. 1) supports this idea. The higher TFR of the older men is apparently different from the higher TFR of those who are highly cold-tolerant, because the latter tends to accompany the lower TTR and the higher AT2' s, 6' Thus, the difference of CIVD responses found between the two age groups is thought to reflect the age-related characteristics of vasodilative and vasoconstrictive reactivities of peripheral skin vessels to a local cold stimulus. Our present modified test is not standardized, so the same local cold resistance index as proposed by Yoshimura et a1.2' and Nakamura16' cannnot be calculated. But the later onset (TTR) and lower magnitude (AT and MST -TFR) of CIVD in the older group are considered to be closely related to those subjects' lower local cold tolerance. Considering the fact that no subjects complained of significant cold pain during the immersion, our modified local cold tolerance test seems to be a useful method for detecting the age-related degradation of local cold tolerance and peripheral vascular reactivity in older workers.
